How does nonhuman primate innovation compare to our own? Many primates innovate, for example to get otherwise inaccessible food or to increase their social standing, and nonhuman primate innovation can be broken into three component steps. It begins with the initial invention, which is then transmitted to other members of the inventor's group, and is then adopted by other individuals and maintained within the society. These three steps -invention, transmission, and maintenance -are all required for innovation and in this review, I discuss the factors (social, environmental, and cognitive) that influence each step. I also highlight the comparable and contrasting features between human and nonhuman primate innovation. In contrast to human innovations, primate innovations are relatively simple and are typically self-serving. Nonhuman primates do not invent new products explicitly for the use of others (although group members certainly copy others' innovations) and nor are their inventions artistic or abstract in nature. Intriguingly, although chimpanzees and other nonhuman primates appear to be expert at copying others' inventions, there is far less evidence of their ability to build upon others' inventions (i.e., to show cumulative culture). At the core of our complex cultural world is the fidelity with which we copy others and our specialism at building upon the ideas of others. Thus, it is the cumulative nature of our innovative process that has created our complex material cultural world and is a key difference between how we innovate, learn and transmit knowledge, and how our chimpanzee cousins copy one another. Another difference is our ability to work collaboratively in teams to innovate and develop new technologies, as well as our potential to cooperate in an altruistic way that allows for planning for future generations. In conclusion, perhaps primate innovation can be most usefully likened to human 'user innovators' who typically innovate products or techniques to fill a personal need, rather than by being driven to create a product to go to market.
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The Individual and Social Drivers of Primate Innovation
WHAT IS (NONHUMAN PRIMATE) INNOVATION?
6 Innovation is not a solitary pursuit. Inventors are shaped by their social environment and rely on their 7 community to adopt their inventions. Furthermore, innovation is not a one-way process in which users 8 only adopt others' innovations, but users themselves may also be active in product development and 9 modification (von Hippel, 2005) . In turn, discoveries are amended, improved upon, or discarded, 10 streamlining and refining innovations in an iterative fashion. This ratcheting creates an accumulation of 11 cultural complexity (Tomasello et al., 1993) , a process which Matt Ridley famously crystalized and 12 popularized as "ideas having sex" (Ridley, 2010) . There is a feedback loop within the social environment 13 as individuals innovate through trial-and-error and also by copying and improving upon the ideas of 14 others. The importance of social information for how we learn and innovation has long been recognized. 15 For example, in her book Openness, Secrecy, Authorship, Pamela Long (2001) noted that Vitruvius 16 believed that humans discovered the art of building in part by imitating the nests of swallows 1 . Thus, 17 innovations can arise both through personal discovery and also by adapting the ideas and behavior of 18 others (in this case, replicating and expanding upon the nest making of birds 2 ), but what drives our need 19 to innovate? 20
We can innovate in a methodical planned way, in an attempt to address a current need, or we might 21 innovate spontaneously, without forethought or clear understanding of our goal. The former relies on 22 spotting gaps in the market or in our needs, and potentially the ability for mental time travel: future 23 planning that allows us to predict and prepare for future events or needs (Vale et al., 2012) . The latter 24 arises from simple trial-and-error problem solving -such inventions are serendipitous and do not rely on 25 cognitive planning or forethought. How much intentionality and active learning is involved in innovation 26 has been much debated and some scholars divide innovation into active versus passive innovation (also 27 referred to as Type I versus Type II innovation) (Reader et al., 2016) . Simply put, active innovation 28 requires learning and insight, while passive innovation can arise more serendipitously. Beyond our 29 underlying understanding and motivation to innovate, the process of innovation has been 30 subcategorized as (1) invention, (2) refinement, (3) recombination, and (4) exaptation (Mesoudi et al., 31 2013) . In this way, an invention can be more than a new product or solution, it can also be the 32 application of an already-existing invention repurposed in a new way, the combination of new existing 33 1 The parallels between birds' nests and our abodes was also a topic of interest for Vincent van Gogh who noted in in text accompanying a sketch he drew of a bird's nest that he sent to his brother Theo "The nestlings and the nests, I feel deeply for them -especially people's nests, those huts on the heath and their inhabitants." Text from a letter written by van 
INNOVATION BY NONHUMAN PRIMATES
56
A classic case of primate innovation is that of Imo, the Japanese macaque, who discovered that if she 57 washed sand-covered potatoes left on the beaches of Koshima Island, Japan, by researchers trying to 58 study her group's behavior, they would be more palatable (Yamagiwa, 2010) . Primatologists in the late 59 1940s and early 1950s studying the Japanese macaques that lived on Koshima Island placed potatoes on 60 the sea shore to lure the monkeys out of the forests where they lived, making it easier for the 61 researchers to observe the monkeys' behavior 4 . Imo (whose name means potato in Japanese) was the 62 first to wash her potatoes in a nearby freshwater stream. Later, she innovated for a second time and 63 carried the potatoes to the sea to wash off the sand before eating them; not only did washing the 64 potato in the sea remove the sand, but this latter variant added a salty seasoning to the food. When we consider primate innovation, creativity and intention are not always inferred, while when we 83 discuss human innovation, we often consider innovation to be insightful -entrepreneurs aim to spot 84 gaps in the market and launch the product to market. Primates, by contrast, are typically not trying to 85 innovate to create a product, tool, or skill that others will adopt. They do not teach, and any 86 transmission of information is passive (Matsuzawa et al., 2001) . Given this, perhaps primate innovation 87 can be more usefully likened to 'user innovators.' Eric von Hippel (2005) provides a comprehensive 88 overview of the current activity and importance of user innovators who typically innovate products or 89 techniques to fill a personal need, rather than by being driven to create a product to go to market. For 90 example, in addition to innovating and creating products for sale, manufacturing companies invent and 91 develop tools for their own use, that enhance the fabrication process of their products. These user 92 innovations can be in the form of modifications to existing tools or the invention of a completely novel 93 tool. Primates, like user innovators, typically create tools for their own needs or adapt the tools used by 94 others. In both cases, their inventions are for use by them personally, rather than to distribute within 95 their community. Any distribution that is observed, would be unintentional on the part of the inventor, 96
and happen passively by social learning as shown experimentally in a number of experiments (Hopper,  97 in press, provides a review). 98
99
THE PROCESS OF INNOVATION
100
As highlighted through the example of Japanese monkey Imo's potato washing described above, 101 innovation is process that can be broken in three component steps. It begins with the initial invention, 102 which is then transmitted to other members of the inventor's group, and is then adopted by other 103 individuals and maintained within the society. These three steps -invention, transmission, and 104 maintenance -are all required for innovation and yet the factors that influence each In a recent study run with a group of chimpanzees housed at Chicago's Lincoln Park Zoo, the 116 chimpanzees were provided with plastic tokens that they could exchange with researchers who stood at 117 the perimeter of their enclosure (Hopper, Kurtycz et al., 2015). The experiment was designed such that if 118 the chimpanzees took their tokens to the experimenter who was standing furthest away and exchanged 119 it with them, they received a highly-desirable food reward (for them, this was a grape). Contrastingly, if 120 the chimpanzees choose to carry their tokens to the nearer researcher they received a less-desirable 121 piece of carrot for each token exchanged. Importantly, the chimpanzees were not trained how to 122 exchange tokens with the researchers, and nor were they trained about the relative value of the food 123 rewards available at each location. The beta-ranking male chimpanzee, Optimus Prime, was the first 124 member of the group to ever exchange a token for a food reward and he did so with the researcher 125 standing closest by, gaining a piece of carrot. 
SOCIAL NETWORKS, DOMINANCE, AND FRIENDSHIPS
217
Although chimpanzees appear less likely than us to (intentionally) modify and improve upon previous 218 generations' innovations, they are certainly skilled at copying the actions of others and replicating their 219 inventions. In this way, inventions can become spread within a community. However, the likelihood that 220 an invention will be adopted by the innovator's social group and spread widely within their community 221 is dependent on the place of the innovator in their social network, and the dynamics of their network. In her study of human innovation transmission and the characteristics of communities that foster 235 entrepreneurship, Minha Lee (2015) identified three key aspects of human societies that would promote 236 knowledge dissemination and the transfer of inventions. The first two related to defining how 237 interconnected the social group is; the number of individuals who engage positively with one another 238 ('density') and the number of connections that key individuals have ('central connectors'). revealed the perhaps surprising insight that when females left their natal group, in which they had a 265 culture of using wooden tools to crack open nuts, and joined the neighboring troop that typically used 266 stone tools to crack nuts, within a couple of months, the immigrant females too were predominantly 267 using stone tools to crack nuts (Luncz & Boesch, 2014). This transition from wooden to stone tools arose 268 despite the females already knowing an equally efficient strategy, and one which they had used all their 269 life previously. Just as chimpanzees typically copy the majority, they also ignore the minority. This is 270 highlighted by the example described by Matsuzawa and Yamakoshi (1996) 
